The current operational sea surface temperature (SST) algorithm coefficients were not suitable to be applied at South China Sea. Therefore, the algorithm coefficients that could be specially used for South China Sea were required to be calibrated. The study was conducted to find a set value of MCSST and NLSST algorithm coefficients that were suitable to be used at South China, and also to investigate the effect of the haze to SST algorithm. The calibrated algorithm with the new set of coefficients was proved to give more accurate result compared to SST data calculated by using SST algorithm in ENVI. The SST algorithm of ENVI was cited from the NOAA SST algorithm that applied the global algorithm coefficients. Besides that, the study also showed that the haze would affect the SST algorithm.
Introduction
There are many SST algorithms introduced, but they are the generally multi-channel (MCSST) and nonlinear (NLSST) algorithms. MCSST algorithm was developed by McClain and it is based on linear differences in brightness temperatures. It was NOAA's operational algorithm for several years. The latest NOAA's operational SST algorithm is NLSST algorithm.
In this study, the MCSST and NLSST algorithm coefficients were retrieved at South China Sea. The algorithm coefficients were derived from the regression between the SST in-situ data at China Sea and nearly coincident satellite data. The satellite data used for regression was sensor zenith angle (θ) and brightness temperature of channel 4 (T 4 ) and channel 5 (T 5 ) for AVHRR image.
The SST data was estimated by MCSST and NLSST algorithms with new calibrated algorithm coefficients. The algorithms were also compared with the SST algorithm of ENVI. The new calibrated algorithm was proved to be more accurate than SST algorithm of ENVI. The validation was done with the SST in-situ data. The RMSE of MCSST and NLSST was 3.13 and 5.54, while the RMSE of SST estimated by SST of ENVI was 9.59. The histograms of the SST in-situ data, SST data calculated by the new calibrated MCSST algorithm, NLSST algorithm and algorithm of ENVI were generated with statistical software, Minitab. The histograms showed that the SST data calculated by MCSST and NLSST algorithm were closer to the SST in-situ data compared with the SST data calculated by SST algorithm of ENVI. The SST maps of MCSST algorithm, NLSST algorithm and algorithm of ENVI were generated. The SST map of in-situ data was interpolated by the software PCI with the input of SST data acquired from the site. The maps were generated so that the distribution of the SST data of each algorithm could be compared visually.
After that, another study was done to investigate the validity of the calibrated SST algorithm after a certain period of time. Besides that, the effect of haze to the algorithm was also investigated. The calibration was done at South China Sea by 13 July 2004, 10 July 05 and 11 July 05. The validation was done at South China Sea by 12 July 04, 10 Aug 04, 10 July 05, 12 July 05, 12 Aug 05, 13 Aug 05, 6 Sep 06, 7 Oct 06 and 6 Nov 06. The RMSE between the SST data estimated from the algorithm and measured SST data was compared.
The results showed that the new calibrated SST algorithm was applied well throughout the year except the occurrence of the haze.
Data and Methodology
South China Sea was chosen as the study area. The AVHRR image was acquired from Malaysian Center of Remote Sensing (MACRES). The AVHRR data was obtained with the date of July 12, 2004, and at the time of 03:31 UTC. The SST in-situ data obtained from Department of Environment (DOE), Malaysian Meteorology Department (MMD) and project of "Research on the Seas and Islands of Malaysia" (ROSES).
First of all, radiometric calibration was done by converting the digital number to brightness temperature for channel 4 and channel 5 of AVHRR data. After that, the geo-coding and geometrical corrections were performed. The missing data, cloudy and sun-glint pixels, and the land area were masked. The good pixels were only used for SST algorithm coefficients retrieval. The good pixels were pixels free from masking.
The SST in-situ data were then interpolated by using the method of point interpolation with Kriging method by PCI software. The SST in-situ data were used as the input vector layer in PCI algorithm. The data of sensor zenith angle and brightness temperature from AVHRR image and SST data from the image produced by the Kriging algorithm of PCI at coincident location were then calibrated to produce the algorithm coefficients of MCSST and NLSST algorithms. The SST data of new calibrated MCSST and NLSST algorithms were then compared with the SST data calculated by the algorithm of ENVI with the histograms, box-plot and the value root mean square error (RMSE).
After that, the second study was done to investigate the effect of the haze and the validity of the algorithm throughout the year. The AVHRR data was downloaded at the date shown in Table 1 from Comprehensive Large Array-data Stewardship System (CLASS) website. The SST data were acquired from DOE, MMD, ROSES and MODIS website.
The DN on channel 4 and channel 5 of AVHRR file were converted to brightness temperature. All the parameters: brightness temperature and sensor zenith angle and sea surface temperature data were geo-referenced by using a large amount of ground control points (GCP) points appended in the level 1b file. The data of brightness temperature and sensor zenith angle from AVHRR file was used. These parameter were then stacked and the subset area of the intersection of these parameter were then extracted.
The tool of Layer Stacking in ENVI V4.4 was used to stack all the parameters with the output file range encompasses file overlap. Then all the bad pixels, cloudy pixels and land pixels were filtered for each file. The land area was colour-coded with green colour, cloud and missing data were in yellow colour and sun-glint area in red colour ( The first 50 data of T 4 , T 5 , and θ used for algorithm calibration at 10 July 2005 were shown in Table 2 . The first 50 data used for validation the algorithm at 12 July 2005 were shown in Table 3 . The algorithm coefficients retrieved after calibration and root mean square difference were calculated.
Result and Discussion
The MCSST and NLSST algorithm coefficients were retrieved by using regression analysis with statistical software, Minitab. The MCSST algorithm retrieved was: MCSST= a 0 (T 4 ) + a 1 (T 4 -T 5 ) + a 2 (T 4 -T 5 )(Sec θ -1) +a 3 ( 1) where the algorithm coefficients:
The NLSST algorithm retrieved was:
where the algorithm coefficients:
The histograms of SST calculated by MCSST algorithm, NLSST algorithm, ENVI's algorithm and SST in-situ data were shown in Figure 2 . The MCSST data was approximately in the range of 27°C and 31°C, while the NLSST data was approximately in the range of 24°C and 36°C. However the range of SST data calculated by algorithm of ENVI was approximately in the range of 15°C and 30°C. The range value of ENVI's SST was obviously shifted to the left compared to SST in-situ data that was in the range of 27 to 36°C. The MCSST was in the range inside the SST in-situ data. The range of NLSST data was quite similar with the SST in-situ data if compared with other algorithms.
The box plots were then generated ( Figure 3 ). The SST data estimated by the algorithm of ENVI was obviously lower than SST in-situ data. Besides that, the algorithm also generated many outliers that were illogically out of the bound. Overall, the SST data estimated MCSST and NLSST algorithms were better to be used to estimate SST in-situ data.
The RMSE of each algorithm was then calculated. The RMSE of MCSST and NLSST was 3.13 and 5.54, while the RMSE of SST estimated by SST of ENVI was 9.59. The comparatively low value of RMSE for MCSST and NLSST algorithms showed they were more accurate than ENVI's algorithm. This was because the ENVI's algorithm not specially designed for the area of South China Sea. However the calibrated MCSST and NLSST algorithms were specially designed for South China but had no guarantee can be used for other places out of South China Sea.
The SST maps of each algorithm and in-situ data were then generated by ENVI (Figure 4 , 5, 6 and 7).
After that the next study done was to calibrate the SST algorithm 10 July 
The RMSE between the SST in-situ and SST estimated by the algorithm calibrated at 10 July 2004, 10 July 2005 and 11 July 2005 was shown in Table 4 , Table 5 and Table 6 The SST algorithms were not applied well at the hazy days. The RMSE was shooting high at 6 September and 7 October 2006, but decreased abruptly at 6 November 2006. Therefore, the SST algorithm was not working well on hazy days. Therefore the new algorithm that was adapted to the changes of the air quality was required to improve the performance of the existing SST algorithm.
The RMSE of MCSST was higher because the algorithm was calibrated by combining AVHRR data at two different times: 02:06 UTC and 03:47 UTC. This might be the source of errors while doing the validation.
Conclusion
The new calibrated MCSST and NLSST algorithms were more suitable to estimate the SST data compared with the SST in-situ data. It was verified by using the histograms, box plot and RMSE. The RMSE of MCSST and NLSST algorithms were 1.671and 1.355 respectively. They were far lower compared with RMSE of ENVI's algorithm, 6.797.
Overall, the SST algorithms can be used at South China Sea along the whole year unless the occurrence of haze. The South China that is situated near the equator has an equatorial climate. The equatorial climates do not pronounce four seasons. It is hot and wet throughout the year. The atmosphere parameters were affected only when the occurrence of haze. Therefore the calibrated SST algorithm coefficients were valid to be used along the whole year at South China Sea. However, the SST algorithm coefficients should be recalibrated after the occurrence of haze. 
